Abstract -This paper describes a simulation of Ground Penetrating Radar (GPR) nondestructive method at frequency range of 1.7-2.6 GHz to predict density for various road pavement samples. The method used is very simple, fast, contactless and accurate way to determine the density of road pavement. In this work we used frequency range between 1.7-2.6 GHz due to the high penetration in road pavement. The MATLAB software is used to analyze the simulation data and also for the graphs comparisons. An instantaneous method for measuring the density of road pavement was developed by using microwave transmission/ reflection technique and free space method at the chosen frequency. The GPR Mixture Model was used to predict the correlation between the attenuation to the parameters related such as effective permittivity, density and thickness.
Introduction
Ground penetrating radar (GPR) operates by radiating electromagnetic waves into a structure and examining the reflected signal for information about the subsurface objects. GPR is a promising technology and has shown great potential as an effective tool for nondestructive evaluation (NDE) of highway structures [1] . During the past decade, the use of GPR for assessing highway structures has increased dramatically. Most existing GPRs are based on the pulse technique and employ wide-duration pulses, typically 1 ns, which result in low resolution and limit the systems' abilities for pavement assessment such as accurate determination of subsurface layer density.
In order to rebuild and pave existing highways that show signs of cracking and significant deterioration, it is important to effectively control the paving process by determining the final quality of the compacted mat where its density determines the effectiveness of compaction.
Highway road pavement is a heterogeneous material composed of asphalt and aggregates such as sand, gravel and crushed stone. The electrical properties of these materials vary strongly as a function of composition, air void content, water content, salt chemistry, and temperature.
The sizes and distribution of aggregate will impact electromagnetic polarization and scattering losses. There has been a recent surge in interest in measuring electromagnetic properties of these materials [2] .
In order to determine the road pavement density, microwave techniques were used in this paper. The measured parameter is attenuation. For this situation, transmission parameter was chosen to get the transmission loss/ attenuation.
The measurement of attenuation can be performed using Microwave Non-Destructive technique (MNDT). There are two classes of MNDT like free space methods and waveguide methods. Free space method is considered to be used in measuring the sample because it is a free space and also contactless [2] . In this paper, a free space method is used to measure the attenuation of road pavement at frequency range of 1.7 -2.6 GHz in order to provide a continuous assessment of pavement quality.
The determination of density using nondestructive method is one of the techniques in microwave technology. Before this, there are many methods of microwave technique to measure the other parameters such as thickness and depth of the sample of concrete, soil etc [3] . The free space method uses the measurement of the attenuation and phase shift of a transmitted microwave signal at single frequency. The second method uses the microwave attenuation and density or the weight of the sample [4] . The third method uses the changes of attenuation and phase shift versus frequency [5] .
The microwave density measurement is based on the attenuation of road pavement sample under test. The attenuation is strictly due to absorption and dissipation of sample and absorbed of power is then converted into heat. The attenuation of sample is strongly influenced by density in the sample. Higher density implies low air void content inside the sample. This paper also presents the correlation between attenuation of received signal and density of road pavement. By the characteristics of air void content in this material, a microwave passing through the material is absorbed by the material molecules and the quantity of attenuation changes according to the density [6] .
There are several objectives on this work. The main objectives are 
GPR Mixture Model
A mixture model is a model in which the independent variables are measured as fractions of a total. The sum of the mixture components is always 100%, and a mixture model takes this restriction into account. The effective permittivity of such heterogeneous mixtures can be approximated from the permittivity of constituents by using mixing formulas. Such formulas help us to predict and understand the dependence of the effective permittivity on mixing ratio, moisture, density and structure. They also provide a good choice for mathematical model in fitting measurement data.
The main condition for the mixing formulas to be valid is that the size of the inhomogeneities (grain and particles) is much smaller than the wavelength. This is not serious limitation if the condition is not fulfilled because the medium cannot be described by an effective permittivity only because the propagating microwave will be scattered by the inhomogeneitis [6] . However, as long as the condition is fulfilled, the effective permittivity of the mixture will not depend on the size of the inhomogeneities, but only on the shape of sample.
The most useful structure-independent formula is the exponential model as follows [7] . Base on this structure-independent formula, a GPR Mixture Model had been introduced. The GPR Mixture Model that used in this simulation is described as below; = + + [7] . The value of v is obtained from the density equation where the mass was determined first in this simulation whereas the value of complex permittivity is depend with the materials that used in pavement sample. Base on theory, the complex permittivity is an important parameter to describe the relationship between biological materials and applied electromagnetic fields in this pavement sample. It consists of real part and imaginary part [8] .
The real part is known dielectric constant that related to the ability of the sample to store electrical energy while the imaginary part is known loss factor that presents an energy dissipating component [9] .
Road pavement sample
In this simulation, we assume that the road pavement sample that used is consists of asphalt and aggregates. The content of this pavement sample is similar with the real road pavement. The pavement sample was sieved with cross sectional area of 0.5 m x 0.4 m with thickness of 0.05m as shown in Figure 1 .
Figure 1: GPR measurement setup
In Figure 1 , the mixture of sample was prepared in a container. So as to ensured to have flat surface on cover by using this container. Therefore the samples all have flat surface is to avoid the specular reflection or scattering on the surface of sample.
In this set up, the distance between horn antenna and sample was fixed in between each other, about 0.3m height. The antenna used in this study is horn antenna. The frequency range is from 1.7 GHz to 2.6 GHz. The effect of container was eliminated by deduction of container attenuation.
The wave generated by signal generator travels from the transmitting part of antenna to the receiving part of antenna that controlled by directional coupler through three media, namely air, container and sample. Reflection and transmission occur at the sample surface and transmission power will be received on the receiving antenna. The received power will be detected by spectrum analyzer.
As mentioned before, the objective of simulation is to get a relationship between attenuation and density. Besides to investigate the influences of the different composition of sample affect attenuation. The specimen used in this simulation was prepared with total pavement sample (asphalt+aggregates) is from 80g to160g.
Base on theory, the cross-sectional area of the sample has to be larger than the dimension of the aperture transceiver antenna to avoid the diffraction, scattering and coupling effect on the sample [6] . We assume the sample has a 50mm thickness and this parameter is a control parameter so that the relationship between density and attenuation can be obtained. And also we were assuming that the mixture of pavement sample placed in one container. This is to ensure to have flat surface on cover by using metal plate and have flat surface in order to avoid the specular reflection or scattering on the surface of sample.
Simulation Technique
In simulation, the analysis of parameters such as thickness, density and frequency for attenuation have been done in detailed. It described about the relationship between attenuation and parameters used in attenuation equation and also the influence of those parameters to the relationship between attenuation and density. All the parameters that mentioned before have been used in this simulation.
It begins with decides of various samples. There are several types of sample and will be made according to the suitable proportion. This simulation technique is base on this sample. For the graph comparison, the complex permittivity has to be determined first so that the GPR mixture model of the concrete sample can be plotted. Finally, density of sample can be determined using attenuation equations that consist of complex permittivity from the model.
Result and Discussion
The relationship between attenuation factor to the various parameters of the road pavement has been simulated base on the GPR Mixture Model. The results are as follows. Figure 2 shows the relationship between attenuation and density for various thickness of road pavement sample. From the graph, we can see that the attenuation increased exponentially with respect to the density. The higher density would produce the higher attenuation. This happened because more molecules of higher pavement density produced high of transmission loss or attenuation. The energy of the wave will be absorbed by pavement molecules. It is also clearly show that the sensitivity of attenuation and thickness is strongly affected by the density of sample. In Figure 3 , it shows the relationship between attenuation and thickness for various of pavement sample densities. From the graph, we can see that the higher density also produce the higher of attenuation and when the thickness of the sample increased, the attenuation also increased. This happened because The EM signal can provide a good penetration at the upper layer of pavement sample but poor resolution. Thus, thickness also can give a higher effect for attenuation other than density. In Figure 4 , relationship between attenuation and frequency for various of pavement densities has shown. It is clearly can be seen that the higher frequency would produce the higher of attenuation. This is because the higher frequency signal is also not good in penetration than lower frequency of signal. The reason is that the higher frequency signal would produce the higher resolution but poor penetration. So, meaning to say that the higher frequency is not suitable for GPR system and has limit of frequency. This is the reason that using a low frequency in GPR. So that base on these three graphs, the results from this simulation analysis can be used in measurement and later will be further elaborated. 
Conclusion and Future Work
This paper discussed an approach to get a relationship between attenuation and density for various types of pavement samples as long as to determine pavement sample density during the compaction process by using the GPR Mixture Model. This approach simultaneously compares the variability of microwave signals from the GPR system. From the simulation results, it can be concluded that the thickness, frequency and density would give an effect for attenuation of road pavement samples. Results can be used for the GPR lab system and can be tested. From the results, it is found that the GPR mixture model suitable for this work. So, future work is to proof the claims and also the results presented in the paper through experimental investigation and analysis.
